Abstract. Flooding and flash floods that cause significant economic and social damage have been widely studied in the last few decades. The European Commission Flood Directive 2007/60 Flood Risk Management Plans require the assessment of potential damage to give an appreciation of the magnitude of the consequences of a flood event and so help stakeholders to use a cost benefit approach to planning flood mitigation measures. This paper evaluates the direct tangible flood damage applying the JRC water depth-damage functions for the European territory to estimate the potential economic damage. Intangible damage is evaluated with the Life Safety Model (LSM) to study the dynamic interactions among people, vehicles, buildings and the flood wave. LSM assesses potential flood damage and allows the development of a Flood Evacuation Plan in case of an emergency, underlining the evacuation routes adopted by people and vehicles. This enables emergency managers to avoid evacuation bottleneck problems and identify areas of potential high mortality. The impact of changes such as road network improvements, the location of safe havens and timing of flood warnings can be assessed in terms of potential loss of life. The developed methodology has been applied on the Sardinian Flood Risk Management Plan pilot basin, the Coghinas river lowland basin.
Introduction
Recent flash flood events have caused significant damages in the Mediterranean area highlighting the importance of studies related to Flood Directive 2007/60 in these regions. Climate change increases the unpredictability of the flood events leading the monitoring organisation of each European country to predispose or improve their Flood Risk Management Plan, as required in the European Flood Directive. In addition to climate change, the current trend of people moving from rural areas to cities increases urbanization and as a consequences an emergency or disaster management plan is necessary in terms of preparation, support and reconstruction when natural or man-made disasters occur [1] .
This paper applies methodologies to estimate the flood potential economic damages in the Sardinian area. In recent decades major flood events have hit the territory causing enormous economic damages, loss of life and injuries. Moreover, hydraulic analysis and evacuation plans are developed to increase awareness of the flood risk and hence limit life losses.
A Research Team from the University of Cagliari has been working with the Sardinian Hydrographic District Authority and the Civil Protection Agency in the development of the Sardinian Flood Risk Management Plan (FRMP). One of the main tasks considered in FRMP is the update of the Flood Hazard Maps of the whole island area defined in the Sardinian Flood and Geological Risk Plans: Hydro-geological System Plan (PAI) [2] and Fluvial Zones Definition Plan (PSFF) [3] . These maps provide the basis for identifying appropriate measures to mitigate the flood risk in the FRMP. The maps are, in fact, instruments not just for defining and communicating flood risks, but mainly, to regulate territory uses rationalising the inevitable limits and failures of controls and providing awareness of the potential floodplain area [4] . The resulting flood maps are the launch pads to start the flood assessment of the potential flood damage estimation that give an order of the magnitude of the consequences of the flood event [5] . In contrast with engineered defences designed to keep water away, it is important to understand potential consequences and help communities to become more resilient and adapt to changing levels of flood risks [4] .
Previous studies indicate that the majority of researchers have classified damage in two groups, tangible and intangible damage. Furthermore, each group of damage is split in to two groups, direct and indirect, depending on the direct contact with the water. For example the direct damages result from the physical contact of flood water with property and its contents [8] . Many items of flood damage loss are a function of the [5, 6] . All of these models appreciate the direct tangible damage due to the flood water depth.
The present research analyses the area of a pilot basin of the Sardinian FRMP: the Coghinas river lowland valley basin. In the first stage of the study a monodimensional hydraulic model has been developed with the USACE software HEC-RAS [14] . The JRC Model Methodology [15] was applied to the floodplain, using water depth-damage functions to evaluate the potential flood direct tangible damage in order to define flood mitigation protection works according with an economic efficiency planning.
The analysis has been improved through simulating flood inundation with a two-dimensional hydraulic model (RFSM-EDA) in the second stage of the project. A two-dimensional model was necessary to assess the intangible damage and to prepare an evacuation plan with the Life Safety Model (LSM). LSM is a dynamic agent based model that estimates the flood risk to people in terms of loss of life and injuries, evacuation times and improvements in emergency planning [7] . 
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